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ABSTRACT
Conventional steel drainage systems used in concrete bridge decks are typically corroded by
deicing chemicals and clogged by debris. Looking to lower maintenance costs, the University of
Maine in collaboration with Maine Department of Transportation (DOT) and Kenway
Corporation designed, prototyped and tested a Fiber-Reinforced Polymer (FRP) composite drain,
grating and downspout system to replace the corroded steel ones in bridges. Three identical
prototypes were fabricated, embedded in concrete slabs, and submitted to a series of laboratory
tests to ensure structural integrity and to optimize the design for long-term durability. The tests
included an ice formation study, compression loading tests based on the AASHTO HS25 wheel
load specification, 100,000 cycle fatigue tests, ultimate compression tests, and reverse push-out
tests. The prototype proved to be acceptable for highway bridges. The prototype design was
improved and approved as a safe, functional, and durable drain system by Maine DOT. Maine
DOT ordered six FRP composite drains to begin replacing damaged steel ones in concrete bridge
decks. The FRP drains were fabricated and installed in three highway bridge concrete decks in
the state of Maine. The long-term durability of the new down spouts should make them a more
cost effective solution. The new drains are being monitored in the field and the maintenance
required to provide constant and sufficient water drainage will be compared to that of the steel
drains.
INTRODUCTION
The design for the FRP drain prototypes was the result of a collaborative process between the
University of Maine, the Maine DOT and Kenway Corporation. The top of the drain consists of
a 2” deep, ½” thick square frame to secure the grating. The grating was selected to have the
maximum open area percentage possible while simultaneously providing sufficient structural
integrity. The grating chosen was the High Load Capacity Fiberglass Pultruded Grating HL5820
from Fibergrate. The open area of the grating is 58%. Also, a minimum of 5/8” spacing was
desired between each of the grating beams in order to fit a ½” rebar down the spout for cleaning
in the case of a clog.
Preventing such clogging was a keen interest, as well, and was addressed accordingly. The
transition from the square cross section of the frame to the circular cross section of the tube was
sloped to allow for total drainage of all of the grating chambers and to prevent backup from sand
and debris. Next, the down spout tube diameter was chosen to be 10”. This nearly triples the
open cross sectional area provided for draining compared to the conventional 6” diameter steel
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downspouts. This increase in hydraulic flow area coupled with the stability of the extremely
smooth inner surface of the tube should prevent these new drains from ever clogging.
The tubular section was designed to have 3/8” thick walls and extend to a length between one and
10 feet. The portion of the drain to be embedded in the concrete slab was coated with small
aggregate adhered to its outer surface in order to allow sufficient bonding and interlocking to the
concrete slab. Lastly, an arrangement of rebar was connected to the drain prototypes through
secondary bonding in order to provide for a temporary welded or tied connection during
installation.
MATERIALS
The FRP composite drain prototypes were fabricated by hand lay-up, however the improved final
design for is fabricated by filament winding to minimize cost. The fiber reinforcement was six
layers of BTI CM-2408 E-glass stitched fabric on the tubular portion and eight layers on the
grating frame. Each layer contained three individual plies. The inner three layers had an
orientation of [CSM/0/90] and the outer three had an orientation of [90/0/CSM] so that the
surface of the inside and the outside of the drain were protected with the resin-rich chopped
strand mat (CSM). The resin used was Hetron 980-35 vinyl ester.
In order to provide temporary aid for bridge deck installation of the drains, four 12-inch long 5/8”
rebar were attached to the drains, about six inches from the top. Using secondary bonding, the
rebar was attached with 4”x4”x1/4” plies of CSM overlay. Each of the four connections was
designed to transfer a minimum of 8,000 lbs in shear to the rebar. During installation, the rebar
can be welded to the exposed steel in the bridge deck in order to hold it in place temporarily until
the binding concrete has set. The top 10 inches of each drain, the portion to be embedded in the
concrete bridge slab, were coated with 1/8” inch basalt aggregate. The surface of the FRP
composite drain was first coated with a thick layer of the Hetron 980-35, the same resin used to
bind the glass fibers. Then, the aggregate was hand-broadcast over the resin and lightly pressed
into it. This method of aggregate broadcasting helps create bonding and interlocking between
the concrete and the FRP drain.
BRIDGE INSTALLATION
FRP Composite drains were installed in three highway bridges:
1. Winterport Rt. 139 Plumber Bridge #3634
2. Beaver Cove - Beaver Creek Bridge
3. Beaver Cove - South Brook Bridge
MAINTENANCE
A survey was prepared to evaluate FRP Drain installation and maintenance, as follows:
1. What is your general impression of the FRP drain compared to the steel drain?
2. What was the procedure for installation?
a. How did this differ from installation of steel drains?
3. What do you see are the advantages of using FRP from an installation standpoint? From
a maintenance stand point?
4. Based on different bridge types, were there any/ do you see any difficulties in the
installation procedure?
5. What are the standard procedures for inspecting/maintaining drains?
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FIGURE 1 – Corroded steel drain downspout in a highway bridge.

FIGURE 2 – FRP composite drain (final design)
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FIGURE 3 – FRP composite drain with grating and downspout
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FIGURE 4 - Fiber-optic strain sensors are woven into the outer glass fiber layer before drain fabrication.

FIGURE 5 – FRP drain prototype fabricated with bi-directional E-glass fiber reinforcement and vinyl ester
resin.
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FIGURE 6 – Tension test of FRP drain material sample.

FIGURE 7 – FRP drain design features: attached steel rebar (facilitates installation in concrete deck) and
surface bonded aggregate (improve interlocking and stress transfer with concrete deck).
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FIGURE 8 – a) FRP drain prototypes with downspouts used for ice formation test; b) FRP drain section for
wheel load test (without downspout).

FIGURE 9 – Application of FRP composite grating to drain prototype (The bonded joint with epoxy adhesive
shown in the figure was improved based on wheel load test results).
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FIGURE 10 - FRP drain prototypes embedded in 10-in thick reinforced concrete slab section to simulate
actual concrete bridge deck confinement.

FIGURE 11 - Pre-stressed system made of steel tubing and threaded rods provides concrete confining
pressure that simulates a continuous concrete bridge deck.
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FIGURE 12 – Ice formation test: a) Ice bulges out the bottom of the downspout raising the drain 4-in off the
floor; b) Submerged thermal couple used to assure solid freezing.

FIGURE 13 – Wheel load fatigue test by compression loading (conducted after the ice formation test with
downspouts removed).
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Figure 14 – FRP drain installed in highway bridge in Winterport

Figure 15 – Details of FRP drain installation in highway bridge
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